Objectives: To evaluate whether the neutrophil-to-lymphocyte ratio (NLR), can differentiate between urinary stone disease and inflammatory conditions in patients admitted to emergency department having acute abdominal pain accompanied by flank pain. Methods: Data of 191 patients with acute abdominal pain accompanied by flank pain admitted to emergency department in a single institution during 1 year period was retrospectively reviewed. Complete blood count and urine analysis were evaluated, the definitive diagnosis was established radiologically. The NLR was calculated as the absolute neutrophil count divided by the absolute lymphocyte count. The cut off value for the NLR in relation to stone status was calculated. Results: Of the 191 patients 51.3% (n = 98) were males, 48.7% (n = 93) were females (p > 0.05). White blood counts of the patients according to the presence of stone does not show a statistically significant difference (p > 0.05). NLR measurement of patients according to the presence of stone shows a statistically significant difference (p = 0.009). NLR of patients with urinary stones were significantly lower than patients without urinary stones. NLR measurements did not differ significantly according to stone location. A cut-off point of ≤ 2.16 for the NLR was determined according to the stone status of the patients. NLR values were higher in patients with acute abdominal pain/flank pain due to inflammatory pathologies. Conclusion: As the diagnosis and treatment of urolithiasis take long time and require elaborate methods, NLR may be used as a simple method in the differential diagnosis of pain due to urinary stone disease or inflammatory condition.
noninflammatory conditions such as intestinal obstruction, acute appendicitis, pancreatitis and urinary stone diseases, aortic aneurysm rupture, mesenteric ischemia, ectopic pregnancy rupture [1] .
AAP accompanied with flank pain suggest urinary stone disease and considered among the non-inflammatory pathologies [5, 6] . The abdominal pain is theoretically classified in textbooks as right/left/upper/lower quadrant pain, but the signs and symptoms are mostly presented as intermingled pictures [2] .
Although pain localization, intensity and examination findings may be guiding for a probable diagnosis, a wide range of diagnostic tools from the simple urinalysis and complete blood count up to higher cost computerized tomography and magnetic resonance imaging may often be needed. A wide variety of pathologies are considered in the differential diagnosis of flank pain, AAP and many diseases which require elaborate work-up. Higher costs of these sophisticated diagnostic tools have led investigators to study costeffective simple diagnostic methods including the neutrophil-to-lymphocyte ratio (NLR). Initially, The NLR was developed in 2001 by Záhorec [7] in order to provide a readily measurable parameter reflecting the severity of the stress and systemic inflammation in intensive care patients with shock, multiple trauma, major surgery or sepsis.
Previously, the NLR was considered to be an indicator in inflammatory diseases, however, different conditions are currently known to cause NLR alteration as well [8] [9] [10] . The NLR has been reported to be a useful indicator in the diagnostic and treatment evaluation of many benign and malignant diseases [9, 11, 12] . A few limited studies have been recently published in which the diagnostic value of NLR in AAP was reported [13] [14] [15] .
The aim of the present study is to evaluate the diagnostic distribution of patients with abdominal and flank pain admitted to ED with diagnosis of urinary stone disease and other inflammatory conditions as well as to compare them in terms of NLR and other parameters.
METHODS
After receiving approval from the ethics committee, data of patients having right and/or left flank pain accompanied with AAP admitted to the emergency department of our institution between February 2015-February 2016 were retrospectively reviewed in the study. Demographic characteristics such as age, sex, medical history, comorbidities as well as blood count and urinalysis results immediately taken in the ED were noted. Additionally, definitive diagnoses of urinary stone disease, acute cholecystitis, appendicitis, ovarian cyst, urinary tract infection and cholecystitis, obtained with abdominal ultrasound (US), computed tomography (CT) and other laboratory work-up results in all patients were recorded. The NLR were calculated using data from the complete blood count (CBC). CBC and urinalysis were performed using a full assessment Sysmex XT-2000 and Erba Mannheim Uro-dipcheck 400e devices respectively.
Endocrinological, cardiological and other systemic comorbidities; regular medication; drug/alcohol abuse; nonsteroidal anti-inflammatory drug use within the last week; steroid use including ointment formulas within the last three months; upper respiratory infection within the last three weeks; pregnancy; insufficient history information on the evaluation form and any hematological, biochemical or serological abnormalities such as hyperlipidemia, hyperthyroidism, anemia, vitamin deficiency (D3 and B12), leukocytosis or leukopenia according to laboratory studies were exclusion criterion.
Statistical Analysis NCSS (Number Cruncher Statistical System) 2007 & PASS (Power Analysis and Sample Size) 2008
Statistical Software (Utah, USA) program for statistical analysis were used for statistical analyses. In order to evaluate study data, Mann-Whitney U test was used in descriptive statistical methods (mean, standard deviation, median, frequency, rate, minimum, maximum) as well as in the two-group comparisons of quantitative data with non normal distribution. For three or more groups with normal distribution Kruskal Wallis test was used. In the comparison of qualitative data, Pearson's chi-square test and Fisher-FreemanHalton test were used. To determine cut-off values for parameters, diagnostic screening tests (sensitivity, specificity, PPV, NPV) and ROC curve analysis were used. Significance was considered when p < 0.05.
RESULTS
Of the 191 patients 51.3% (n = 98) were males, 48.7% (n = 93) were females (p > 0.05). The age ranged from 18 to 86, with average of 40.30 ± 13.96 years. Stone status according to gender was statistically significant (p < 0.01). Urinary stone disease incidence was frequent between ages 31-40 ( Figure 1 ).
The diagnoses of the patients with flank pain admitted to emergency department were urolithiasis (48.7%), urinary tract infection (26.4%), unidentified abdominal pain (13.7%), acute appendicitis (3.6%), ovarian cyst (1%) and acute cholecystitis (0.5%). The white blood cell count (WBC), NLR and platelet (PLT) counts of the patients included in the study were evaluated. WBC and PLT values of patients did not show a statistically significant difference related to stone status (p = 0.456; and p = 0.876; respectively) ( Table 1) . NLR of stone patients showed a statistically significant difference without gender discrimination (p = 0.009; p < 0.01) and NLR values of the patients (Table 2 and Figure 2 ).
There is a statistically significant relationship between NLR cut-off value 2.16 and stone status (p = 0.003). When NLR value is 2.16 or less, the risk of stone positivity is 2.34 fold increased. Odds ratio for NLR was 2.390 (95% CI: 1.337-4.272).
DISCUSSION
In this study the relationship between NLR, WBC and PLT measurement and urinary tract stones (renal and ureteral stones) was evaluated in patients admitted to ED with abdominal pain accompanied by flank pain. Lower NLR was found to be more significant than WBC and PLT assessment in patients with stones compared to those without stones.
Urinary tract stones usually develop between the ages of 20-49 and make peak in 3rd and 4th decades. It is usually more common in men than in women [16] . In our study, the mean age was 31-40 years and most of the patients with urinary stones most were male as well (n = 65/94, 69.1%).
NLR, platelet/lymphocytes ratio (PLR) and systemic immune inflammatory index have been subject of many studies [17] [18] [19] [20] . Previously the link between NLR ratio and cardiovascular diseases as well as malignancies were evaluated in numerous Figure 2 . ROC curve according to stone status reports [21] [22] [23] . Later, the importance of NLR among diagnostic and prognostic parameters of miscellaneous illnesses were reported [10, [24] [25] [26] . In our study, we investigated the role of NLR in differential diagnosis of patients presenting with flank pain to ED. There are relatively few publications evaluating NLR in patients admitted to ED due to abdominal pain, flank pain and similar symptoms [13, 14, [27] [28] [29] . In a study of Acar et al. [6] in which acute appendicitis and renal colic were compared, NLRs for acute appendicitis and renal colic were calculated as 8.48 ± 0.39 and 4.96 ± 0.16 respectively with a cutoff value of 3.30. Likewise, inflammation markers such as WBC, red cell distribution width (RDW), mean platelet volume (MPV), PLR and NLR were cited to be useful in the differential diagnosis of renal colic with acute appendicitis in this study.
In 2014 Uyeturk et al. [27] grouped patients in urinary stone positive and stone free arms, they have found a higher NLR [app. 2.5 (0.7-8.4)] in stone arm versus stone free arm. In parallel to these data, NLR value in our study was lower in flank pain due to urinary stone disease compared to no stone group (2.68 ± 1.86) which was statistically significant. However, our cut-off value was 2.16 and lower than those of Acer et al. [6] and Uyeturk et al. [27] . Additionally, WBC and PLT results were not statistically significant in the present study.
There were mostly inflammation related cases in the group which we compared to stone cases. In renal colic, intraluminal pressure increases due to ureteral obstruction during the acute phase and then, nerve endings in the mucosa and muscular layer are stimulated, leading to pain. Evidence of inflammation is not usually observed [30] .
In a similar study, WBC and neutrophil ratio varied depending on stone size and location, additionally these values were higher in secondary renal colic cases [28] . In the present study NLR was lower in urinary stone cases and yet, neither the location (kidney or ureter) nor the size had a significant effect on these values. This data remains to be evaluated in further prospective studies.
Limitations
Our study has some limitations; first, the comparative group displayed a wide variety of diagnoses in contrast to urolithiasis patients, hence different statistical evaluation would be more suitable for each of these conditions but the number of patients in our subgroups were low. However, all these subgroups had inflammatory pathologies which lead us to assign inflammatory conditions as the comparison group. The retrospective nature of the study is another limitation. Since smoking and obesity have been previously reported to have a link with increased NLR, the fact that we did not take body mass index and smoking status into consideration in our patients is another limitation [18, 19] . Lastly, not all patients with AAP and flank pain, but only the patients undergone advanced imaging methods were included in the study due to retrospective nature of the study.
CONCLUSION
In conclusion, as the diagnosis and treatment of urolithiasis cases are time consuming and require elaborate methods, NLR may be a simple method in the differential diagnosis of pain due to urinary stone disease or inflammatory condition. Our results should be further evaluated with comprehensive prospective studies.
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